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FERURB X BRI 8 2R 15 5 B8 SR
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Mok T AR, B Y, Bk Y, RALRE!

(LSRR AR5 i TRE%Be, ST/ StFH 5500255 2.5% M4 Al A= M) TR B s =2
B H 550025; 3.5 M4 AR BE AL ES DUS Fr0 s BHA TRty, S0 $5FH 5500065 4.5
LR AR AR, St StFH 550016)

W OB B BFFRAEARE T 1- B0 FRE HLARE AR B s ma e nT REMLAI . J7i% ¥ 50 3 {ek B 14 B2 P
/NER(KM N2 R U IR, BB PR RS, FEARORE Tl = R 15 mo/ (kg ), 7R 9 mg/ (kg €D,
RFIEA 3 mg/ (kgd), FRH 10 K. SEMRVER R (STZ) % Sa o 1-UM FR AT . 23 19 4L AR P s b U 2
BEHSRRAKEM, 42528d)E, KMMMERES R, RS &AL E G & s AU A
JHE 5 5 P SR ¢ 't 5 1 2R G i =X B2l s JF A R UL 3 38018 ( Phosphoinositide 3-kinase, P13KD
FE A B (protein kinase B, PKB). Hi&jf#512F 2 (glucose transporter 2, GLUT2) FIHi&ipEi%ia T 4

(glucose transporter 4, GLUT4) mRNA #ixf A& ; Western blot &I FF A PI3K(p110). PKB F1 p-PKB

(Serd73) () (3R Ik 5 o S IA] A3 FE W i MU (AR R, 45 2436 28d J HEAT A i W sl e o 45 R 5
BERAARLL, FIEANRER. YUKE. MY, M E A 5imiEE A& BT RSN 38.91%.
35.93%. 28.6%. 30.76%. 37.29%, fHia . JHHHE R 5 WU 5 A = T 2 23 i)y 22.56%. 23.61%. 149.75%:;
PI3K. PKB. GLUT2. GLUT4 mRNA #HX} % ik 35 1. 3 (P< 0.05) 4371 i T 87.5%. 53.4%. 77.05%. 133.3%;
Fs WL EFIEA PISK(pL10)E ARIA R FI T 76.17%. 71.54%7F1 62.61%, p-PKB (Ser473) 1]
EHFRIEEDH LT 88.43%. 85.96%A1 73.19%. L5t FEMUR M 1-Z08E R /N ROEA BB RO,
AT AL B0 PIBKIPKB 3242, A GLUT2/4 #8457, (e 53E 40 ool 387 267 i B IR WA R0 ) 1
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Abstract: Objective the effect of Zanthoxylum essential oil on glucose metabolism in type 1 diabetic mice and its
possible mechanism. Methods 50 healthy Kunming mice were randomly divided into 5 groups, including blank
control group, diabetic model group, high-dose group 15 mg/(kg ), middle-dose group 9 mg/(kg €) and low-dose
group 3 mg/(kg €) of Zanthoxylum essential oil in soybean oil solution. Type 1 diabetes model was constructed by
streptozotocin (STZ) induction, the blank control group and diabetic model group were orally treated with same
dose of soybean oil. After 28 days of administration, the contents of insulin, glycosylated serum protein (GSP) and
glycosylated hemoglobin (GHb) were determinated in serum. Respectively, muscle glycogen and liver glycogen
levels were determined. The mRNA relative expression of PI3K, PKB and GLUT2 genes in liver and GLUT4 gene
in skeletal muscle was detected by gRT-PCR; abundance of the liver proteins PI3K (p110), PKB and its
phosphorylation level (p-PKB) was determined by Western blot. Blood glucose and body weight were measured
weekly during the experiment, and glucose tolerance was measured at the 28th day of administration. Results
Compared with the model group, the food intake, drinking water, blood glucose, hemoglobin and serum protein
contents in the dose group decreased by 38.91%, 35.93%, 28.6%, 30.76% and 37.29% respectively. Insulin, liver
glycogen and muscle glycogen can be increased by 22.56%, 23.61% and 149.75% respectively. The relative
expressions of PI3K, PKB, GLUT2 and GLUT4 mRNA were significantly increased (P< 0.05) by 87.5%, 53.4%,
77.05% and 133.3%, respectively, and there was a dose-effect relationship. Furthermore, the expression of protein
PI13K(p110) was up-regulated by 76.17%, 71.54% and 62.61%; phosphorylation level (p-PKB) of PKB was
up-regulated by 88.43%,85.96% and 73.19% in high, medium and low dose groups, respectively. Conclusion
Zanthoxylum essential oil has hypoglycemic effect on type 1 diabetic mice. The possible mechanism is that it
activated the PI3K/PKB pathway, translocated GLUT2/4, and promoted the glucose absorption and utilization.
Keywords: Zanthoxylum essential oil, type 1 diabetes mellitus, glucose metabolism
HEy2E: R285.5  SCERbRERS: A
DOI : 10.7506/spkx1002-6630-20200424-321

¥4 R 97 (diabetes mellitus, DM) & —Flt L M A4FAE AR R AL EOR BN . [ A 1S 7K PRI R
i BRI B RO L E BRIy, S fhiTh, 2045 A, CKAIT 7 ACKERRNE R, BE R AR A
AFLE R B PO AR BLRE A2 BRI, R PRI B 6 B AE JE BER . [ R T-0E bR (K6 7 1
— PR VRS R B R RIS AR & G 75 3%, o BB 25 AR B B I RCR, (E2, KM
o0t SR I IR A SR e AL E AN R AR DR, RIS b R A 2 ) B R R AR
IRALE, RPET R A EZG E) h  RORE T R PRI B . 224, AR RIRANSEAS /M 45 32 AT 5
ik o

1A ( Zanthoxylum bungeanum Maxim )2 TRAE )AL U 6 AR iz, TEARU 8 2575 B ( Rutaceae )
TEMUE ( Zanthoxylum ) U, FZEAa TUUIL EER, WAk, WIFG. SARLAURARE I — 2Ll K. # (FF
2e) 08, BAIMHLE RAE T ZEM CLTHREHAEIE, B a4t FIEFh K40y 250 &7,
ML E LA EIE 50 /0, AL AN Tz —, AFMERRNEERE, FLE R
KEE, FEMUE R EEG ARG —, SHERMEZFRST, HRAH. HR. JuE. iElk. i
B PRERPUIEEZFHIIREE], SR BRZG A S ORI, B A I 25 B RE A2 1) S Y L

HAT, RTAEHOSBEIRIGIIVE YT, AT 32 ZE AEARURR 25 1) Bk e s 7 I AT 1 KEWTIT, TEMURR
BT A BRI XA (1) 2 ZERIERA, You YMIBISER SR, FERURR 3 B AT B /E F n] e idad b i
JHF I e ol 2 47 1 =X, P T 152 32 1L (phosphoenolpyruvate carboxylase, PEPCK ) %5 % ¥4 i ( glucokinase,
GK) H1% % HE-6-BEW2lF (gucose-6- phosphatase, G6Pase) 3¢ ik & LL A A& 5 24 il B 2 ffw A 1T
AR - e B RV & 1 (pancreatic-duodenal homeobox 1, PDX-1). GK I GLUT2 ) mRNA
AP AR R IR . Ren TYMSEHT TR, TEAURRZ 0 HE FRI K B FERE L2 S
FRiE L2 3 (adenosine monophosphate-activated protein kinase, AMPK) {& 5%, /5 GLUT4
N L B e v B A0 M, i B B RORES. BRI SR B, FEARCE R R Al A B A 1
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IR, IR B AR AR f HEL [ A QR 26 LAT — 2 IO BSCE AR o 0 T WA IS5 AT 7T
RIAEAURR R AT O B PR S BUN B R R ELROIE T, WE B EMURR S, Bl WA bR as R
K B E I, T R AR B0 B B E R B B TAE R S 2, (H R WAEHURS a7
BRI RO IE . SRTD, [ A TEARE B B R DABEAR. T ARURMIC R L AE AU S5 00 207 i o 32, TITAEAU)
FSAIN L= AR B, G IEASIET A T FR 8 R . BRI, Iz 3m e B in 8, e mHa
DERkas, MR, Al BUFAFRBHN SRR MR 0 — KHER, 10 T R AEARURS T R D g
PEVEAN, AR DAEA AR AL I LA S — 26 R A2

FHT, AR D RERIIR TENI A TR PR 2R B, AR S 0639 AN [R] 3 2 FROAEAORS il 0T S A 11 3R 75
T 12 R /N SRR R AT E 1 S, B AEIRDS T AEABORE et 1- B PR /s BROBE AR 2 K RT e
BL, A7 BT XU AT 5E 2 AOIAIR, D AEASURS Tl B R RR P B R 22 4K 38

L b

1.1 MRS

CUAEARS M, PR PE SR R ZLMIIEM, ZIGSt CO2 ZEH S, H4rFZ&Mor &imts, HotM
TR A IR F SRt RIARPEEME N, SPF 4%, # 22-249, 50 K, HIEKEEAEM
RERAF SR (BRGIES: SCXK (#i7)20120008); MR H 2(STZ), [ sigma AF]; DNA &tk
EICRF &, #SE Qiagen AF]; FE{F DNA FRHGRAM &, RAREMBHEARAR: e &l &
BALIE B E (GSP) Wl&. FHbmsE A (GHb) kA&, S E (INS) BEEE kA& .
FrpEIRR &, @ E YRR IR A =3 ME; PISK. PISK (pl110). PKB Fl p-PKB (Serd73)
Pifk, 1 Abcam 24t
12 [R5

L5S A0 R WA GG BE v, B T A A BR 2 7] 5 SpectraMax190 3E 4L K £ D Re B AR,
%H Molecular Devices A#]; H1-16KR m=id A 7 & 0L, WIF il A A B & A IR A YH-A5003
B R, AEEHARAR: M SREMRHAA, Lo EIRET &R A RAR: S1000
% PCR X, £ BIO-RAD 2 #l; L5S %4h-1] WO, FIAC A /A4 ;s Nano Drop 1000
RSN, EE Thermo A A Light Cycler Nano )G & PCR 1, EEZP KAH;
Powerpac % [ HL¥Kk{X, [ Bio-Rad A#]; Gel Doc XR %/l itk 24t, %H Bio-Rad A 7;
Trans-Blot Turbo & % IE1X, [E Bio-Rad A ],
1.3 ZEFR SRR E

BN S50 3 PR AT AT (1 5 M R R K 2 SRR B WA B S O3 o HE R AR DGV VA L AT
(SYXK (#5) 2018-0001). & 18-22 g, KM EHH/NEL 50 R, 4 AT AH (n=10), BIHA (n=40).
INRZEE 12 h 25, REEK, —IRIEVES 150 mg/ (kg « bw) STZ i, SRl | b, Youk.
FEME S 3 d, A5 10 /BT, SR JE RASRAR MAE, MUWE (I & 723 I F#E (FBG). X4 FBG fH & T 11.10
mmol/L i, W8], R A /N . 8 40 R BIAL/NR 20N 4 41 (n=10), BJI
TEHURE = )& 15 mg/ (kg » d) FE 9mg/ (kg + d). KFIE 3 mg/ (kg » d) FHERILL, HiAIZ
S 2H R B AR R ORI R B i, A EBYOK, RS 7 d FREAE, REARE (01
mi/kg) SKiHHE B 7.

FHNRESES 28 d JF2EEALK 12 h, FRIRBREUM SE 5, Wisiibst, /NRAEVK B ph
F | B IR, I ORI 0.99% 4 3 #h 7K Ve 44 (TG EC U UK W 5 T E T 4 CUKFETRAE S FD,
et R K 46K PR 2R T 07K 204, FRON-80 “CUKAR AR A7 45 A, 00 52 Ak R Hh 3 o R S A )
1.4 TEABURS I b 3

NORIESRE /NSRS (40 g RE/NEIEE 0.2 mi &), HERIFRI 1.2 g 2080,
BN 400 mL KRG, FE0RA], BLHlK 3 mo/ml FEMURS AR, FHEC> B2 5 H K Sl R K 1.8
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mg/mL 1 0.6 mg/mL HIFEHURS AR . 4B T8 (15 mg/mL). 1 (9 mg/mL). & (3 mg/mL) 7
EAHMEEKRE, TOAMEMAESSMNERGH, 83dR—R, T 4 CHRfEF.
1.5  f8hRiE
151 (fHEAE I e

EREB ARG 0d.7d.14d. 21 d F1 28 d, 25 AN4E 7K 6 h, A IR BY 2 R il & FBGEY,
152  [IARVEN 2N 2

HEMEE 28 d, AEEAAEK 12 h, HEHE 2.00 g/kg bw EE A, B BT R BUMINE 0 h.
0.5 hy 1 h A2 h B MR KSF2Y, USR5 20 /N SRR A A A vl TR 28 R T AR CAUC) R4 DA
AR HERA,
(0.5A + B + C + 0.5D)

p)

X AL By CHI D 2B #I A BTS00 050 1F1 2 h (I ILBELE

1.5.3  /NEBESS R E R
e o H

M%%ﬁ—~fﬁi—
154  FALIRIRIE

BEAL L2128 1 (GHD) . BEAL LIS 8 1 (GSP) J &2 (INS). R R 5 LRSS il e, HAR A
P BRSO AT
1.6 AFAE B #E L mRNA FIEE AR IE &4

ML S R4 HUE RNA, A Qiagen $EHUH S %5513 cDNA, {85 4M o e a BETHIE RNA
WREE . SS90 58 B SR A WEHE SN FH TR AR DGR R g ik, DA B-actin AN SR 2 -ACt EIHE
F AR, AR IR P, S RNA L % 5% & cDNA 4 iS5 A — 28t 52 & PCR £
W FERPGIFHNE 1. EAREERNZSHE Ren T FM7 75307 .

AUC(hmmol/L) =

R 1 SRR SR/

Table 1 Primer sequence and product size (bp)

Primer sequence Product

Gene

Forward primer Reverse primer size
PI3K CTCAGGGAAAGCTGGACCAC TGGTTCAGACGAGCTTCTGTG 184
PKB ACTCATTCCAGACCCACGAC CCGGTACACCACGTTCTTCT 176
GLUT4 CCCACAGAAAGTGATTGAACAG AGAGAGCCCAAAGGGTAGTGG 110
GLUT2 CCAGCACATACGACACCAGACG CCAAAGAACGAGGCGACCAT 125
CB1 CTGAGGAGCAAGGACCTGAGAC GTTGTTGGCGTGCTTGTGC 210
B-actin TCGTACCACTGGCATTGTGAT CGAAGTCTAGGGCAACATAGCA 233
17 Geitasbs

SEFH SPSS 22.0 i1 Origin 9.0 #EAT 4512041, LA( x2s)Fir, 455 %H Duncan &2 FA I
AT RN R T ZE 0, BE /KT 0.05.
2 BR5HW
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2.1 TEABURS I SRR R

TEANRE MR Fi A — 8 SR I HE R VR VR, T DA Z8VR 28, AR AR AR =4 ok
PR, AR S R B RSP0, T B R T PR A, T AR AT U B A RURS ik 35
FLBAGT AR, HICRRUR, EFARORS Il ve R B S K T 20ABORS il o A TSI F I L AEMURG il B VG s
W R LAMAEMZ IR 7t CO REHUT , 70 T 281 B A, th Bt M XL MR R 0 A BR A m $ 4k
2.2 AERBURSIHORRE FROp /D BRER B R WOK & S E I

FHNRAZAWIE A B HRYOK. FERFRIRAERE “=D—27, e, WKZ.
HeRZ . RERCD . B la A7%n, BOALAE SRR QAN T 138.33%, fFIEHRZER
(P<0.05), AIF-FHIWHER ML) B3 =AFEHZ MGFEEER, Hhm, . &FEH S5
PR 2H ek /> 38.91%. 38.27%. 13.51%; H[E 1b %1, BRI MIOKE LS B4 N T 422.85%, 17
fEREZER (P<0.05), Hrm, o G EH A R 4> 35.93%. 1.31%. 12.23%. fREAL
AT vE T R RIE I 25207, I 1c w1, FEMZRIAN, FOAMERE BT, BRI R
RE R T, ULIARRIE R, AR . . P RRIE AR E AR, Hop s
P R A Y

Food intake (g/w)
=Y
o
o

CN MC HD MD LD
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10 7 7 a
30

20 -

Water intake (ml/w)
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goor I 3
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20 L . 1 L L L .
0 5 10 15 20 % 30

Time (d)

Bl INEHREE. KKEEREERNZL (n=10)
Figure 1 Changes of Food Intake, Drinking Water Quantity and Body Weight in Mice (n=10)

e BRI FHME A IRZERR (n=10); *RESAOHAERNHEERERER (P <0.05); AFEFRLRZHE IR
NRHUAEAEREZESR (P <0.05). FH.
2.3 TEHBORS IR PRI /) BHEA5 i A i

HESS TR AU AU R A K 2 AR, FEB e 28 d J Wrail db SEIR I K g ] A5 2H
AT REIRE, RS AN RS RS R 2 RAUNREOME. MRS 2= AAREAME, 27
gt RS BRI REL BRI % 7 B35 (P<0.05), 2 HIThE T 15.6%. 42.56%, il
BHWBMHANARIC, EERREEE, X5 DT FEEE A — 2.

R 2 MRIESSEE (n=10)
Table 2 Organ index of mice (n=10)

k| JEBE (%) DOHE (%) JFRE (%) BHE (%)
=Ll 0.2040.01 0.5040.05 4.3640.26 1.4140.03
HRIZE 0.2540.02 0.5440.04 5.0440.13* 2.0140.24*
[Pl S 0.260.09 0.540.05 4.7341.26 1.8940.34
rh & 0.2940.09 0.5140.02 4.7740.38 2.0140.24
i & 0.2440.06 0.5840.13 4.8340.51 1.9740.22

2.4 TEHORE IR PR /1N B2 I MU (FBG) (14 5 i

FE B ARSI ) FBG B 2, Sati)s, o5 A — EAEIEE Y N EE), 1B 4 fHE
—HJEEAT, ik F] 33.07 mmol/L, i UK Rp R, AN EH SERAMLL, FBG &
E W, &t 28dRIT4AY), AL T KTIES R T 28.6%. 9.81%. 12.57%, HECRREFEEIIER
MK, B B2 A S A .



CIDE 8&siltl= CELp

—a— CN
40 —e— MC
—4&— HD
35 —v— MD
—— LD
30
S
=
=)
E2
e _
/m _—
[,
15 |
10
;777777777%
5F [ -
1 1 4’ 1 1
0d 7d 14d 21d 28d
Time (d)

B2 MREBELEENZL (n=10)
Figure 2 Changes of FBG in mice (n=10)

2.5 FEABORE ik 6Tl PR /)N B8 11 OB 6 e fh 26 A CAUC) s

HA/NRAATE 28 d ZEEOREEK 12 h, FF HARYE 2.00 g/kg bw Z5/NRAE & FEOh, 1 hy 1.5h. 2h
MRt o A 3a w] LA AT Y, 2 1 2E 0 B /KPR 25 F TR VUG THisr, 78 0.5 h ik B ks,
JF AN 2 h JEREEIES . SR, BB IBE K -FAESS i A PR US 0.5 h BB i s B /5 1)
RS, X 52 AR KPR AR (P<0.05), IEWIEREAIRT). T G R4 A H g T
W, (AR, E5fEHAE 0.5 h Mk REE, 3 2h M EE TR 11.0%, EHK 2056 M E .
Kl 3b ioR, BAAREERENEML NS aAEE AR, b ARHEHARLEERREREE,
TR AL AR AR BAT 72 5 0 25 (P<0.05) o SREGR I, AR M AEASURS il v] AAE — e REfE BaRm 1 &Y
BEPRI /N B RE T &, Hm AR OR B3 .

—=— (N
—e— MC
a —a— HD
—v— MD
—— 1D

35

30

Blood sugar (mmol/1)

Time (h)
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Figure 3 Changes of glucose tolerance and area under curve in mice (n=10)

2.6

AEABORE b 6D B s /N ROBE AL I ZLER B (GHb) 5L IS EE (GSP) KIS

4a TR, BRI 55 G4 BEM 2 57 (P<0.05), B2 GHb & & kb 4% A 240 B E 1 1 443.95%
(P<0.05), &+ J1. {KFIEH DI R T[4 30.76%. 13.32%. 3.31%, {HERRILEE, HA
7 GSP & & Lh 2 (20 B aE N 138.78%, 1« HP KT S 2H 43 7 LU AR AL 20 R B 37.29%. 22.49%. 16.65%,

e SR A 7 R

400

300

GHb (ng/m1)

100 [

GSP (mmol/L)

200

HD LD

*ka

o

& 4

CN MC HD MD LD

MR ERSSELLERSTRIOZN (=10

Figure 4 Changes of GHb and GSP in mice (n=10)
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2.7 AEHORSMON ISR S RS (INS) BRI

PN RERT S PEREAE F i R A R 2, H o iR AN 2 AR ThRE 5 05 PR3 25 ) AH 629, 18] 5 R
BRI 2 S B A A AR T % 16.5% ( P<0.05), & WIRRYE 7 B Th G MR T J S 4, 4
SRIATNRESZ BN TN e . KRR EU AR N T 10.29% . 22.56%. 13.97%.

b
a b
*a I [
CN MC HD MD LD

E5 MREBESRSERNRL
Figure 5 Changes of INS in mice

2.8 AEABUREIHOGRE RS /N B R S5 LR S 4 52
IEH NAR AR i, S5 BRE 4, & R R AR 5, BRI E . A 6 WA,

60

INS (mU/L)

o
S

LTS ZH 6 R AT LA & 0 ) b 2 I AL PRI T 37.22% 1 75.0%, =AN57 5 2H ) 0 S A LA 55
ERRMAS AR, Hhafedeoh s, LR SV RSS9 335 7 23.61%. 149.75%

(P<0.05),

PR (ng/g)

b

a NN N

CN MC HD MD LD

B 6 /NP E S OB R AL
Figure 6 Changes of Liver Glycogen and Muscle Glycogen in Mice

2.9 AEHEURS Tt Xof P JE R B i JU LA 5% 2 DR 258 R PR 520

TESEE B ALK 28 d J5, MR/ BBOTF AT S B L, SR FH S 28 8 & PCR 2 FFAE PIBK.
PKB.GLUT 2 FIE B4l GLUT 4 H# 145 &, Western blot &Il IF PI3K(p110). PKB Al p-PKB(Ser473)
MR AREE, 4RMNE 7@bc), RS S A4, BRI PISK Il PKB mRNA FilE (A AHX %
EEBEE (P<0.05) Fif. 442528d 5, FIEASEMAMIL, &, . KFEF PIBK mRNA &
B A LR T 87.5%. 54.7%. 36.9%; PKB MRNA FikE /A i 53.4%. 52.8%. 27.7%. X}
PKB HEEHRIEENFIAA R E, HIEHR 23 (P<0.05) i PI3K (pl10) #1 p-PKB (Ser473)
HERIEE: & . KR EH PISK(p110) AR IE &7 7 il 1 76.17%. 71.54%7H1 62.61%, p-PKB
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(Ser473) WIRAFRIERESDH LM T 88.43%. 85.96%F1 73.19%

Bl 7c R, BRI GLUT 2 Il GLUT 4 mRNA X R IE B2 (41 R % T 50.4 %, 63.4 %,
M="MFE4H GLUT 2 il GLUT 4 mRNA FRik&E/H AR5 77.05%. 76.35%. 49.22%7F/
133.3%. 110.8 %. 94.9 %.

PI3K(p110) PI3K
NN PKB

2 b SR p-PKB(Ser473)

Relative protein expres:

B 7 HXER mRNA IEERAR

Figure 7 Relative mMRNA and protein expression of related genes

3 W ®B
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